Abstract-The wireless networks are growing rapidly that cause constraint in data rate and power consumption. The multiple-input multiple-output (MIMO) has incredible performance to overcome the limitations by spatial multiplexing gain. Spatial multiplexing gain is achieved with the help of space time encoding technique in which a high rate signal splitting into multiple lower rate streams and transmitting them through the different antennas. This paper provides a comprehensive comparative study of diversity gain with and without coding gain for 4 × 2 and 4 × 4 MIMO systems. The coding gain is explored through turbo coding (TC) with ½ and ¾ coding rates, and diversity gain is adopted by orthogonal space time coding (OSTBC). Turbo coding is useful to reduce the forward error correction in multiplexed data transmissions. The compounding of OSTBC and turbo coding is valuables to increase data rate and reduce energy consumption by reducing bit error rate in emerging wireless network transmissions. Simulation results convinced the validity of proposed scheme.
I. INTRODUCTION
The multiple-input multiple-output (MIMO) is commonly used in wireless communication due to capability of user effective multi-path propagation, to improve overall capacity and spectrum efficiency through antenna diversity scheme. Therefore, space time block coding (STBC) is well acknowledged as Almaouti's scheme has been very effective to provide diversity gain in wireless attenuated channels [1] . The turbo code (TC) is very effective to manage fading, noise and interference to acquire coveted gain with the help of interleaving [2] . The forward error correction method enlighten by TC is used to improve the performance with STBC in MIMO networks. And also the combination of STBC and turbo code is helpful to obtain diversity gain and coding gain respectively in MIMO channel.
The researchers have been enlightened the various combinations of channel coding with antenna diversity to improve the performance of new emerging wireless networks. The powerful channel code method well known as turbo code with the combination of STBC to obtain coding and diversity gains is proposed in [3] - [5] proposed. Additionally, in [6] the combination of turbo and STBC codes to improve receiver performance against channel fading channel was discussed with the help of iterative decoding method.
The turbo and STBC codes in CDMA performance are also appraised through minimizing complexity of receiver for multi-users [7] . In [8] , a multistage receiver was designed with the help of MMSE and interference cancellation method. Furthermore, in [9] the low density soft iterative multi-user through multi user detection (MUD) and MMSE detector was discussed.
The performance of orthogonal space time block coding (OSTBC) with and without coding gain (turbo code) in MIMO channel for BPSK, QPSK and 8-PPSK modulation scheme is evaluated. Furthermore, the study is also sustained for turbo code ½ and ¾ rates to assess the coding gain performance in 4 × 2 and 4 × 4 MIMO. Motivation of proposed scheme is to understand the performance of diversity gain by OSTBC with coding gain through turbo code to improve the emerging wireless networks. As OSTBC is useful to handle the power consumption and decrease the signal to noise ratio through diversity gain. However, the turbo coding is beneficial to decrease the bit error rate to enhanced data rate by coding gain. The simulation results prove that the coded transmission has better performance than un-coded transmission. It is also observed that a higher coding rate has better performance than low coding rates and un-coded transmissions.
The rest of the paper is organized as follows. Section II describes the system model. Section III explains about proposed OSTBC with turbo code scheme. Simulation results are given in Section IV and finally conclusion is summarized in Section V.
II. SYSTEM MODEL
The system model is designed to evaluate the OSTBC performance with and without turbo coding in MIMO channel. The transmitter design is based on bits coded by turbo code and inter-leaver combination to get coded gain, further it mapped into composite symbols through modulation method to transmit over channel. Lastly, these symbols are passed through OSTBC encoder to get antenna diversity.
A. The Orthogonal Space Time Encoding
The OSTBC encoding is based on Alamouti code for diversity transmission scheme [10] . The simplest diversity transmission metric is described as where S are the data symbols that are transmitted by the j-th transmit antennas. And ()   denotes the complex conjugates which are transmitted from antennas.
Furthermore, the modulation techniques is used to transform bit to symbol with real or complex constellation M = 2 m symbols, such as BPSK, QPSK and 8PSK for channel transmission.
B. OSTBC MIMO Channel
Assume that, the channel is flat fading for the j-th transmit antenna to the i-th receive antenna, where each transmitted symbol is multiplied by a randomly varying complex number. As the channel under consideration is usually a Rayleigh channel, the real and imaginary parts of h i,j are Gaussian distribution with mean , h ij  = 0 and variance 2 , h ij  = 0.5 [11] . At the receiver site, the noise g has the Gaussian probability density function with
The h i,j identifier at the receiver channel and the received signal on the antenna are defined as 11 11 1 12 
where h ij is the among the j-th transmitter and i-th receiver antennas, S is represented as the data symbols, and the g ij is the additive noise between i-th receiver antenna at the j-th time slot.
When the Z 12 and Z 22 symbols are complex conjugates, then the representation (3) 
where, the g defends the channel noise and the Z shows the output of MIMO channel, whereas, H O represents the matrix of alike channel created through combination of OSTBC encoder and MIMO channel. Furthermore, the H O is also expressed as an orthogonal matrix of entire channel recognition due to 
C. The OSTBC Decoder
An ideal channel state information (CSI) is assumed at the receiver, therefore the combining coefficients organism best selected uniformly with the complex conjugated channel matrix through utilization of maximal ratio combining (MRC) [12] - [14] . 
Lastly, the collective symbols 1 S and 2 S are implemented with maximum likelihood (ML) decoder to retrieve the transmitted symbols. Even, if a pathway is sternly gray, then transmitted information can be recovered by other transmission paths with the help of equation (5) and (7) 
where g have autocorrelation function and zero
. The symbols dissociated as:
where Z is noisy and R r -dimensional received vector, H is R r × N A flat fading channel with entries h i,j that are assumed as i.i.d and N A is number of transmit antennas and R r represents the number of receiver antennas., Complex Gaussian random variable with zero-mean and unit variance
N which is assumed to be spatially uncorrelated and uniformly distributed, complex random vector process with zero-mean and variance 2 s
, g is the noise vector with dimension
III. OSTBC WITH TURBO CODE SCHEMES
The proposed strategy is based on evaluation of OSTBC with and without turbo code over 4×2 and 4×4 MIMO channel. The proposed theme is based on turbo code with interleaving to get coding gain and OSTBC for diversity gain as shown in Fig. 1 . The forward error correction (FEC) technique is used in proposed scheme to improve the data transmission and manage errors controls over erratic MIMO channel. One of the most frequently used FEC method is turbo code, which is renowned because of closely approaching Shannon channel capacity limit and coding gain with the help of inter-leaver. Turbo code designing with interleaving is discussed in [15] , [16] with two recursive and systematic convolutional encoders (RSCC) and combined into parallel and split through pseudo random inter-leavers. The output of code matrix is defined as where 1+D+D 3 represents the feed-forward polynomial (G ff ), the 1+D 2 +D 3 defines the feed-back polynomial (G bf ) and the ratio of (G ff )/ (G bf ) is useful to distinct the parity encoder.
The OSTBC technique is used to get diversity gain in MIMO transmission, which is fruitful to manage power ration and is also productive to retrieve appropriate information from strongest signal of N received signals. As orthogonal STBC is a linear STBC symbols S, therefore it has the subsequent single chattels. 
where i-th row of S represents to the transmitted symbols i-th transmit antenna in N transmission, whereas j-th column of S corresponds to the transmitted symbols at the same time by N A transmitted antennas at period j. The proposed system is designed according OSTBC with rate ½ and ¾ for four transmit antennas in [17] , while the code matrix is designed for equal power from all antennas in all time slots as: 
The OSTBC data is further fed into the PSK constellation for M = 2 m symbols mapping, whereas the mapper read the m × n t coded bits and generate n t PSK symbols. Generally, it is formulated as: 
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The relationship between transmitters and receivers signal vector is given by: (13) where H(t) is known as the MIMO channel propagation matrix, and v(t) is the AWGN additive noise. The matrix takes account of the multi-path propagation and can be expressed as: 11 12 1 21 22 2 (14) where h ij is the channel frequency response representing the complex path gain from transmit point j to the receive point i, for i = 1, 2,..., R r and j = 1, 2,…, N A.
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The MIMO SNR is defined as The narrowband channel capacity for an n × n MIMO system is given by [18] . where ξ represents the average signal-to-noise ratio at each receive point, det[x] represents the determinant operator, I n is the identity matrix of size n × n, H is the normalised n × n propagation matrix such that indicates the hermitian operation defined as the conjugate transpose of H.
At the receiving area, maximum likelihood (ML) decoding method is used because OSTBC insures the ML detection of transmitted symbols. The maximum likelihood detector (MLD) takes decision of the transmitted symbol (S 1 , S 2 , … S n ) rather than other decoding methods that are based on estimation of the channel coefficients (h 1 , h 2 , …, h n ) which are gathering through CSI. The estimates S 1 and S 2 are then sent to a MLD to calculate the transmitted symbols S 1 The result is revealed in Fig. 2 for 4 × 2 MIMO systems. As likely, for every diverse code blocks, performance get degrades as transmitter numbers of bit per symbols are increased. As shown in Fig. 2 , the proposed method of 4 × 2 MIMO with ½ and ¾ coded rate has better performance in dB as BPSK (4E-4 & 2E-4 dB), QPSK (1.5E-03 & 9E-4 dB) and 8-PSK (4E-03 & 2.4E-3 dB) accordingly, than without turbo code scheme in which BPSK (1.5E-4 dB), QPSK (2.5E-3 dB) and 8PSK (1E-2 dB).
The outcome is shown in Fig. 3 for 4×4 MIMO systems. As expected, the performance order is same as in the case of 4 × 2 MIMO systems whereas the low bit per symbols has better performance than high bit per symbols due to less bit error rate. As shown in Fig. 3 , the proposed ½ and ¾ turbo code rates of 4 × 4 MIMO scheme has better performance for example, BPSK (1E-4 & 9E-5 dB), QPSK (5E-4 & 3E-4 dB) and 8PSK (1E-2 & 5E-3 dB) accordingly, than without turbo code scheme in dB whereas BPSK (4E-4 dB), QPSK (5E-3 dB) and 8PSK (2E-2 dB). The deviation in 4 × 2 and 4 × 4 performance can be observed from Fig. 2 and Fig. 3 that the 4 × 4 MIMO has better outcomes than 4 × 2 MIMO due to higher availability of diversity gain. The coding gain with diversity gain has the ability to overcome the bit error rate constraints. Furthermore, a comparison study between ½ and ¾ turbo code rate is done to understand coding gain behavior with diversity gain (OSTBC) in 4 × 2 and 4 × 4 MIMO networks. The comparison study is proved by simulation results that the higher coding gain rate ¾ has better performance than low coding gain rate ½ in MIMO scenario. As show in Fig. 4 for 4 × 2 MIMO that the ¾ coding rate has less bit error rate such as BPSK (2E-4 dB), QPSK (9E-4 dB) and 8PSK (2.4E-3 dB) than ½ coding rate where BPSK (4E-4 dB), QPSK (1.5E-03 dB) and 8PSK (4E-03 dB). In the case of 4 × 4 MIMO the Fig.  5 represents the same behavior in which higher coding gain rate ¾ has better performance for example BPSK (9E-5 dB), QPSK (3E-4 dB) and 8PSK (5E-3 dB) than low coding rate ½ whereas BPSK (1E-4 dB), QPSK (5E-4 dB) and 8PSK (1E-2 dB).
As overall conclusion, it is observed that the BPSK turbo code with ¾ rates is the best in terms of quality but on the tradeoff of the bandwidth. The quality degrades as modulation scheme increases from BPSK to QPSK to 8-PSK. This is because when the number of modulated symbols increases from two to four to eight. The system complexity increases since the receiver now has to decide among greater number of symbols, the receiver while deciding makes error since there are increased number of symbols and this error causes the bit error rate to increase. The turbo code scheme is effective to improve the performance due to the ability of coding gain. The combination of coding gain by turbo coding and diversity gain via OSTBC has been fruitful to improve dramatically performance in MIMO systems. Another fact is also observed that the higher diversity gain 4 × 4 MIMO and higher coding gain rate ¾ has overall better performance than other coding and diversity gain schemes.
V. CONCLUSIONS
This paper evaluates the comprehensive comparative study of OSTB encoding with turbo code (½ and ¾) and without turbo encoding for 4 × 2 and 4 × 4 MIMO systems. Diversity gain is useful to manage the power consumption and reduce the signal to noise ratio, which is explored through OSTBC. The coding gain is useful to reduce the bit error rate to improve data rate, which adopted by turbo encoding. At receiver sites, the optimal ML decoding is applied to extract the desired information. The results demonstrates that the proposed coded scheme has better performance than un-coded scheme, and also shows that the ¾ coding rates is better than both ½ coding rate and without turbo encoding method.
